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IDENTIFYING SOLUTION PACKAGES
BASED ON DETERMINED RELATIONSHIPS

BACKGROUND OF THE INVENTION

The present invention relates generally to the field data
relationships, and more particularly to mining and 1dentify-
ing priority relationships and solution packages.

Solution packages are a container of customizations and
components, which allows users to export customizations
and reimport them 1nto other environments. Solution pack-
ages extend the core functionality of the platform through
grouped sets of features. Complex solutions that contain
both specific solution components as well as other external
components, an 1nstaller solution 1s required to 1mport
features and configurations. Solutions are comprised of a
few core components. The core components are created
using the customization tools available or the APIs provided.
Solution packages are used in tandem with customer rela-
tionship management (CRM) software to enhance client and
business success. CRM 1s a process in which a business or
other organization administers interactions with customers,
typically using data analysis to study large amounts of
information. CRM systems compile data from a range of
different communication channels, icluding a company’s
website, telephone, email, live chat, marketing materials and
more recently, social media. CRM systems allow businesses
to learn more about their target audiences and how to best
cater for their needs, thus retaining customers and driving
sales growth. CRM may be used with past, present or
potential customers.

SUMMARY

Embodiments of the present invention disclose a method,
a computer program product, and a system for identifying
client-satisfied solutions packages based on determined
potential relationships, the computer-implemented method
comprising: 1dentifying one or more business priorities and
soltware product solutions to recommend to a user, wherein
identifying the business priorities and the software product
solutions to recommend comprises: comparing a plurality of
the software product solutions and business priorities rela-
tionships using Natural Language Processing and Natural
Language Understanding techniques; receiving one or more
clectronic representations of the software product solutions
utilized by an organization, wherein the electronic represen-
tation describes the software product solution 1n text infor-
mation; generating one or more software product solution
relationship maps based on the one or more received elec-
tronic representations of one or more software product
solutions utilized by the organization; mapping retrieved and
received business priorities to the one or more generated
soltware product solution relationship maps based on key-
word and key phrase searches or full text similarity using
statistical methods and machine learning models; recom-
mending one or more solution packages based on the
mapped business priorities to the one or more generated
soltware product solution relationship maps; and outputting,
by a user interface, the one or more solution packages to one
Or More users

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram 1llustrating a distrib-
uted data processing environment, 1n accordance with an
embodiment of the present ivention;
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2

FIG. 2A illustrates dataflow example of a solution pack-
age generation component for solution item relationship

mining, 1n accordance with an embodiment of the present
imnvention;

FIG. 2B illustrates datatlow example of the solution
package generation component for priority to solution item
mapping, in accordance with an embodiment of the present
invention;

FIG. 2C depicts an example of solution package i1denti-
fication and comparison, 1in accordance with an embodiment
of the present 1nvention;

FI1G. 3 illustrates operational steps of the solution package
generation component, on a server computer within the
distributed data processing environment of FIG. 1, for
identifying client-satisfied solutions packages based on
determined potential relationships, in accordance with an
embodiment of the present invention; and

FIG. 4 depicts a block diagram of components of the
server computer executing the modification component
within the distributed data processing environment of FIG.
1, 1n accordance with an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

A key factor of business success 1s to understand clients’
business priorities, 1dentily potential relationships, and dis-
cover client-satisfied solution package(s). However,
embodiments of the present invention recognize that it 1s
challenging for large-scale enterprise to develop an under-
standing of clients” business priorities, 1dentily potential
relationships, and discover client-satisfied solution package
due to large-scale enterprise characteristics and clients’
characteristics. Large-scale enterprise characteristics com-
prise, but are not limited to: large number of projects,
oflerings and assets (i.e., solution items), and decentralized
and disaggregated business content management. Clients’
characteristics may comprise, but are not limited to: a
variety of industries and sectors, diverse and customized
business priorities, and a high demand 1n relation to efli-
ciency and eflectiveness of solution mapping (e.g., opti-
mized solution packages).

Enterprise Innovation Accelerator (EIA) 1s a problem-
solving digital plattorm where a business and one or more
clients collaborate 1n an iterative manner to understand the
one or more client’s business aspirations and technical
problems, and match the one or more client’s business
aspirations and technical problems with a high-quality cura-
tion of offerings, assets and expertise, augmented by a series
of human-in-the-loop Al methods, with the goal to drive
compelling innovation engagements that maximize client
value. Embodiments of the present invention recognize that,
given the many business priorities, many business find 1t
difficult to 1dentily underlying relationships with users (i.e.,
clients). Embodiments of the present invention improve the
art and solve this particular 1ssue by identifying the under-
lying relationships with users (i.e., clients) and business,
which enables the generation of solution packages and
maximizing the winning probability (1.e., the likelithood of
successiully matching one or more client’s business aspira-
tions and technical problems with a high-quality curation of
oflerings, assets and expertise).

Embodiments of the present invention improve the art by
cnabling the understanding of client’s business priorities,
determining potential relationships and thereby i1dentifying
and generating client-satisfied solution packages. Embodi-
ments of the present invention solve the particular 1ssue(s)
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stated above by: (1) discovering the business priorities and a
new soiftware product solution to recommend via a com-
parison of software product solutions and priorities relation-
ships using Natural Language Processing (NLP) and Natural
Language Understanding (NLU) techmiques, text embed-
ding algorithms and graph theory, wherein both business
priorities and solution package and product have text infor-
mation (such as, name, short description, etc.), (11) receiving,
an electronic representation of the software product solu-
tions utilized by an orgamization, which 1s described 1n the
text information and building a software product solution
relationship map, and (111) mapping the business priorities to
the software product solution relationship map based on
keyword and/or key phrase search or full text similarity
using statistical methods and machine learning (ML) and/or
deep learning (DL) models and, discovering the new sofit-
ware product solutions to recommend based upon the one or
more mapped business priorities.

Implementation of embodiments of the invention may
take a variety ol forms, and exemplary implementation
details are discussed subsequently with reference to the
Figures (1.e., FIG. 1-FIG. 4).

FIG. 1 1s a functional block diagram 1llustrating a distrib-
uted data processing environment, generally designated 100,
in accordance with one embodiment of the present inven-
tion. The term “distributed” as used 1n this specification
describes a computer system that includes multiple, physi-
cally distinct devices that operate together as a single
computer system. FIG. 1 provides only an 1llustration of one
implementation and does not imply any limitations with
regard to the environments 1n which different embodiments
may be implemented. Many modifications to the depicted
environment may be made by those skilled in the art without
departing from the scope of the invention as recited by the
claims. Distributed data processing environment 100
includes computing device 110 and server computer 120
interconnected over network 130.

Network 130 may be, for example, a storage area network
(SAN), a telecommunications network, a local area network
(LAN), a wide area network (WAN), such as the Internet, a
wireless technology for exchanging data over short distances
(using short-wavelength ultra-high frequency (UHF) radio
waves 1n the industrial, scientific and medical (ISM) band
from 2.4 to 2.485 GHz from fixed and mobile devices, and
building personal area networks (PANs) or a combination of
the three), and may include wired, wireless, or fiber optic
connections. Network 130 may include one or more wired
and/or wireless networks that may recerve and transmit data,
voice, and/or video signals, including multimedia signals
that include voice, data, text and/or video data. In general,
network 130 may be any combination of connections and
protocols that will support communications between com-
puting device 110 and server computer 120, and any other
computing devices and/or storage devices (not shown 1in
FIG. 1) within distributed data processing environment 100.

In some embodiments of the present invention, computing,
device 110 may be, but 1s not limited to, a standalone device,
a client, a server, a laptop computer, a tablet computer, a
netbook computer, a personal computer (PC), a smart phone,
a desktop computer, a smart television, a smart watch, a
radio, a stereo system, a cloud based service (e.g., a cogni-
tive cloud based service), AR glasses, a virtual reality
headset, any HUD known 1n the art, and/or any program-
mable electronic computing device capable of communicat-
ing with various components and devices within distributed
data processing environment 100, via network 130 or any
combination therein. In general, computing device 110 may
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be representative of any programmable computing device or
a combination of programmable computing devices capable
of executing machine-readable program instructions and
communicating with users of other computing devices via
network 130 and/or capable of executing machine-readable
program 1nstructions and communicating with server com-
puter 120. In some embodiments computing device 110 may
represent a plurality of computing devices.

In some embodiments of the present invention, computing,
device 110 may represent any programmable electronic
computing device or combination of programmable elec-
tronic computing devices capable of executing machine
readable program instructions, manipulating executable
machine-readable instructions, and communicating with
server computer 120 and other computing devices (not
shown) within distributed data processing environment 100
via a network, such as network 130. Computing device 110
may 1nclude an instance of user interface (interface) 106,
and local storage 104. In various embodiments, not depicted
in FIG. 1, computing device 110 may have a plurality of
interfaces 106. In other embodiments, not depicted 1n FIG.
1, distributed data processing environment 100 may com-
prise a plurality of computing devices, plurality of server
computers, and/or one a plurality of networks. Computing
device 110 may include internal and external hardware
components, as depicted, and described in further detail with
respect to FlG. 4.

User interface (intertface) 106 provides an interface to the
solution package generation component (component) 122.
Computing device 110, via user intertace 106, may enable a
user and/or a client to interact with component 122 and/or
server computer 120 in various ways, such as sending
program instructions, recerving program instructions, send-
ing and/or receiving messages, updating data, sending data,
inputting data, editing data, collecting data, and/or receiving
data. In one embodiment, interface 106 may be a graphical
user intertace (GUI) or a web user mterface (WUI) and may
display at least text, documents, web browser windows, user
options, application interfaces, and instructions for opera-
tion. 1mterface 106 may include data (such as graphic, text,
and sound) presented to a user and control sequences the
user employs to control operations. In another embodiment,
interface 106 may be a mobile application software provid-
ing an interface between a user of computing device 110 and
server computer 120. Mobile application software, or an
“app,” may be designed to run on smart phones, tablet
computers and other computing devices. In an embodiment,
interface 106 may enable the user of computing device 110

to at least send data, input data, edit data (annotations),
collect data and/or receive data.

Server computer 120 may be a standalone computing
device, a management server, a web server, a mobile com-
puting device, one or more client servers, or any other
clectronic device or computing system capable of receiving,
sending, and processing data. In other embodiments, server
computer 120 may represent a server computing system
utilizing multiple computers such as, but not limited to, a
server system, such as 1n a cloud computing environment. In
another embodiment, server computer 120 may represent a
computing system utilizing clustered computers and com-
ponents (e.g., database server computers, application server
computers, etc.) that act as a single pool of seamless
resources when accessed within distributed data processing,
environment 100. Server computer 120 may include internal
and external hardware components, as depicted, and
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described in further detail with respect to FIG. 4 In some
embodiments server computer 120 may represent a plurality
ol server computers.

Each of shared storage 124 and local storage 104 may be
a data/knowledge repository and/or a database that may be
written and/or read by one or a combination of component
122, server computer 120 and computing device 110. In the
depicted embodiment, shared storage 124 resides on server
computer 120 and local storage 104 resides on computing
device 110. In another embodiment, shared storage 124
and/or local storage 104 may reside elsewhere within dis-
tributed data processing environment 100, provided that
cach may access and 1s accessible by computing device 110
and server computer 120. Shared storage 124 and/or local
storage 104 may each be implemented with any type of
storage device capable of storing data and configuration files
that may be accessed and utilized by server computer 120,
such as, but not limited to, a database server, a hard disk
drive, or a flash memory.

In the depicted embodiment, component 122 1s executed
on server computer 120. In other embodiments, component
122 may be executed on computing device 110. In various
embodiments of the present invention, not depicted in FIG.
1, component 122 may execute on a plurality of server
computers 120 and/or on a plurality of computing devices
110. In some embodiments, component 122 may be located
and/or executed anywhere within distributed data processing
environment 100 as long as component 122 1s connected to
and/or communicates with, computing device 110, and/or
server computer 120, via network 130.

In various embodiments of the present invention, based
on NLP and/or NLU techniques, text embedding algorithms
and graph theory, component 122 identifies and outputs
priority relationships. Priority relationships may be the
relationship between solution packages that match a user’s
(e.g., clients) priority mput(s) (e.g., product request) with
solution packages (e.g., digitized products, services, and/or
offerings) within a predetermined threshold of acceptance.
In various embodiments, component 122 receives one or
more priority inputs from one or more users, wherein
priority 1nputs are specific client needs for a particular
service, or product. Solution packages are digitized products
and/or services. In other embodiments, the priority inputs
are predetermined. For example, a user 1s presented with an
option to select, via a response pop-up window on 1nterface
106, between predetermined (e.g., standardized) priority
inputs or the ability to enter custom priority inputs. Respon-
s1ve to recelving a user’s selection, component 122 executes
the predetermined priority inputs or enables the user to enter
custom priority mputs via interface 106. Component 122
may optimize the generation of solution packages by gen-
erating a solution item relationship network, mapping pri-
orities to solution 1tems, discovering priorities relationship,
and comparing generated solution packages. Component
122 1s further described in FIGS. 2A-2C.

Component 122 may solve the particular 1ssue(s) stated
above by and optimize solution package generation by: (1)
identifying the business priorities and a new software prod-
uct solution to recommend via a comparison of software
product solutions and priorities relationships using Natural
Language Processing (NLP) and Natural Language Under-
standing (NLU) techniques, text embedding algorithms and
graph theory, wherein both business priorities and solution
package and product have text information (such as, name
and short description), (11) receiving an electronic represen-
tation of the software product solutions utilized by an
organization, which 1s described 1n the text information and
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6

generating a software product solution relationship map, and
(111) mapping the business priorities to the software product
solution relationship map based on keyword and/or key
phrase search or full text similarity using statistical methods
and machine learming (ML) and/or deep learning (DL)
models and, discovering the new software product solutions
to recommend based upon the one or more mapped business
priorities.

FIG. 2A 1llustrates datatlow of component 122, generally
designated 200, 1n communication with server computer 120
and/or computing device 110, within distributed data pro-
cessing environment 100 of FIG. 1, for identifying client-
satisfied solutions packages based on determined potential
relationships, in accordance with an embodiment of the
present invention. FIG. 2A provides an illustration of one
implementation and does not imply any limitations with
regard to the environments 1n which different embodiments
may be implemented. Many modifications to the depicted
environment may be made by those skilled 1n the art without
departing from the scope of the invention as recited by the
claims.

In various embodiments of the present invention, com-
ponent 122 retrieves and/or receives solution contents 202
and business priorities 204. Business priorities 204 may be
one or more specific needs (e.g., service, offering, product)
for a particular business that are desired by a client. In some
embodiments, solution contents 202 and business priorities
204 are entered by one or more users or business priorities
204 are predetermined. In various embodiments, solution
contents 202 and business priorities 204 may be a combi-
nation of custom content and priorities and predetermined
content and priorities. In various embodiments, component
122 may generate solution contents 202 and business pri-
oritiecs 204 through received client feedback, via NLP.
Component 122 may retrieve historic solution contents 202
and business priorities 204 from one or more databases (e.g.,
local storage 104 and/or shared storage 124). In the depicted
embodiment, component 122 mines relationships using vari-
ous solutions contents 202 based on Subject-Matter Expert
(SME) predefined relationships 231, usage-data driven rela-
tionship mining (usage data-driven) 230, and machine learn-
ing relationships (machine learning) 232. SME predefined
relationships 231 are the relationships that are manually
defined by SMEs. Usage-data driven 230 1s the relationship
associated with solution items extracted from historical
solution packages. Machine learning 232 are relationships
associated with priority mputs (e.g., business priorities 204)
that are predicted through Machine Learning models. Rela-
tionships here include but are not limited to “part of”,
“prerequisite”, and/or “complementary.” The relationship
can be directed or undirected. Meaning component 122 can
be generalized to handle various relationships for different
use cases.

In the depicted embodiment component 122, via priority
to content mapping component (content mapping) 208,
receives and/or retrieves business priorities 204 and solution
content of a list of solution contents 202. Mapping the
priority to solution 1tem (1.e., mapping priority to content) 1s
based on keyword and/or key phrase search or full text
similarity by statistical methods and ML and DL models,
turther described in FIG. 2B. In the depicted embodiment,
priority to content mapping 208 comprises keyword match-
ing 233, full text similarity analysis 234, and human-in-the-
loop adjustment 235, and generates priority solution item
bipartite network 212. In the depicted embodiment, content
relationships mining engine 206 feeds data (e.g., identified
content relationships from usage-data driven 230, SME-
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predefined relationships 231, and machine learning 232),
generates solution 1tems network 210. The priority solution
item bipartite network 212 and solution items network 210
will be analyzed through heterogeneous network analysis
214 to generate a heterogenous network 240.

Component 122 may create heterogeneous network by
combining solution 1tems network 210 and priority solution
item bipartite network 212, wherein the identified relation-
ships and priority mapping in content relationship mining
engine 206 and prionty to content mapping 208 are com-
bined into a network and used by heterogeneous network
analysis 214 to identify and output optimized solution
packages 220. In various embodiments of the present inven-
tion, heterogenous network analysis 214 retrieves and/or
receives data from priority solution item bipartite network
212 and solution items network 210. In various embodi-
ments of the present invention, component 122 mines pri-
ority relationships based on solution item network 210 and
priority solution item bipartite network 212. In various
embodiments of the present invention, component 122
mines priority relationships through heterogeneous network
analysis 214 such as, random walk with restart algorithm
and matrix factorization.

In various embodiments of the present invention, com-
ponent 122, via solution package discovery 216, executes a
solution package discovery and comparison. Component
122, via solution package discovery 216, discovers one or
more solution packages through Breadth First Search (BFS)
and/or Depth First Search (DFS) to find graph paths that
contains solution items covering a plurality of business
priorities. Business priorities may be predetermined and/or
received Irom a user or database. An example of component
122, via solution package discovery 216, discovering one or
more solution packages 1s depicted i FIG. 2C. Solution
package discovery 216 may comparing solution package in
terms of cost, delivery time, and/or any other metric or
parameter known 1n the art.

In various embodiments of the present invention, com-
ponent 122 1dentifies and/or generates and outputs solutions
packages. In the depicted embodiment, component 122, via
solution package discovery 216, generates and outputs opti-
mized solution package 220 and priority relationship net-
work 218. The priority relationship 1s derived from the paths
in the solution package. For example, 1n priority relationship
network 218, depicted in FIG. 2C, the relationship (a), (b),
(d) 1s generated based on the first path on solution package
1 which 1s (a) on node 2, node 2 to (b) on node 3, and from
node 3 to (d) on node 5 (e.g., (a)l, (a)2, (b)3, (d)5).
Optimized solution package 220 1s an optimized improve-
ment over the current art, wherein component 122 generates
and outputs optimized solution package 220 through het-
erogeneous network analysis 214 at a faster and more
accurate rate to one or more clients. Priority relationship
network 218 1s the relationship network among business
priorities 204 that were identified 1n heterogeneous network
analysis 214 and used to output optimized solution package
220. The priority relationship networks 218 can help clients
understand how priorities are associated and/or are depen-
dent on solution contents 202, business priorities 204, and/or
other solutions 1n a generated solution package (e.g., opti-
mized solution package 220), and the order to be solved by
corresponding solution packages.

In various embodiments of the present invention, com-
ponent 122 receives or retrieves heterogeneous network 214
(1.e., priority solution 1tem bipartite network 212 and solu-
tion 1tems relationship network 210) as input and outputs
solution packages. In various embodiments of the present
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invention, identitying solution packages comprises: (1) 1den-
tifying solution items S, for given business priorities P, (11)
recursively backtrack the prerequisites for solution i1tems in
S, and find the root solution 1tems that have no prerequisites
and build the root solution 1tems set SR, (111) starting from
the root solution 1tems 1n SR, use graph search (DFS/BFS)
to find paths that include solution items S, and (1v) gener-
ating solution packages by making different combinations of
paths that cover all business priorities P,. Each combination
(1.e. one solution package) consists of paths with solution
items S,, which can cover all business priorities P,.

Component 122 may mine business priority relationships
and compare solution packages by (1) building a solution
item relationship network, (1) mapping priorities to solution
items, (111) discovering priorities relationship, and (1v) dis-
covering and comparing solution packages. In various
embodiments, building a solution 1tem relationship network,
comprises: collecting relationships that are manually defined
by SMEs, mining relationships from historical solution
package, and learning relationships based on text informa-
tion 1n solution 1tems by ML/DL models. In various embodi-
ments, mapping priorities to solution items, comprise: map-
ping priorities to solution 1tems through keyword/key phrase
search, mapping priorities to solution 1tems through full text
similarity analysis based on text embedding algorithms, and
generating the priority solution item bipartite network 212.
In various embodiments, discovering priority relationships,
comprises: creating heterogenous network based on priority
solution 1tem bipartite network and solution 1items network,
and mining priority relationship through heterogeneous net-
work analysis such as, random walk with restart algorithm,
and matrix factorization.

In various embodiments, discovering solution package
and comparing solution package, comprises: discovering
solution package based on graph search algorithms, and
calculating evaluation metrics, such as cost, delivery time,
etc. for comparison. In various embodiments, discovering
solution package based on graph search algorithms, com-
prises: 1dentifying one or more solution items S, for given
business priorities P, Recursively backtrack the prerequi-
sites for solution items 1n S, and find the root solution 1tems
that have no prerequisites and build the root solution 1tems
set SR, Starting from the root solution 1tems 1n SR, execute
graph search (DFS/BFS) to find paths that include solution
items S,, and generating solution packages by making dii-
ferent combinations of paths. Each combination (1.e. one
solution package) consists of paths with solution items S,
which can cover all business priorities P..

FIG. 2B illustrates one example of mapping the priority to
solution item based on keyword and/or key phrase search or
tull text similarity by statistical methods and ML/DL mod-
cls. In the depicted embodiment mapping service 245
receives one or more priorities (1.e., priority 321). During the
execution of full text similarity, mapping service 245 may
send an embedding request to text embedding service 246 In
the depicted embodiment, text embedding service 246
responses to mapping service 245, via an embedding
response. Mapping service 245 may 1ssue a query request to
top-k retrieve service 236 and retrieve or receive a query
response from top-k retrieve service 236. Top-k retrieve
service 236 may retrieve and/or receive one or more pro-
cessed solutions from processed solution 1tems 238 based on
the query request for full-text similarity from mapping
service 2435, In the depicted embodiment top-k retrieve
service 236 executes a response to mapping service 245
query request based on the embedding response and query
request.
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During the execution of key word matching, mapping
service 245 may send an expansion request to semantic
expansion 248. In the depicted embodiment, semantic
expansion 248 responses to mapping service 245, via an
expansion response. Mapping service 245 may 1ssue a query
request to top-k retrieve service 236 and retrieve or receive
a query response irom top-k retrieve service 236. Top-k
retrieve service 236 may retrieve and/or receive one or more
processed solutions from processed solution items 238 based
on the query request for keyword matching from mapping
service 245, In the depicted embodiment top-k retrieve
service 236 executes a response to mapping service 245
query request based on the embedding response and query
request. In various embodiments to the present invention,
both business priority and solution items comprise text
information (e.g., name, and/or short description).

FI1G. 2C illustrates datatlow of component 122, generally
designated 200, 1n communication with server computer 120
and/or computing device 110, within distributed data pro-
cessing environment 100 of FIG. 1, for identifying client-
satisfied solutions packages based on determined potential
relationships, 1n accordance with an embodiment of the
present invention. FIG. 2C provides an 1illustration of one
implementation and does not imply any limitations with
regard to the environments 1n which different embodiments
may be implemented. Many modifications to the depicted
environment may be made by those skilled 1n the art without
departing from the scope of the invention as recited by the
claims.

Solution package identification and comparison compo-
nent 122 comprises 1dentilying one or more solution pack-
ages through Breadth First Search (BFS) and/or Depth First
Search (DFS) to find graph paths that contains solution items
covering a plurality of business priorities. Business priorities
may be predetermined and/or received from a user or
database (e.g. local storage 104 and/or shared storage 124).
An example of component 122, via solution package dis-
covery 216, discovering one or more solution packages 1s
depicted 1n FIG. 2C. Solution package discovery 216 may
comparing solution package in terms of cost, delivery time,
and/or any other metric or parameter known in the art.

In this particular example, heterogenous network 240
comprises solution contents and associated priority relation-
ships of the solution contents. Heterogenous network 240
comprises solution contents (nodes 1-8) and priority rela-
tionships (e.g., business requirements a-1) linked 1n a net-
work. In various embodiments, heterogenous network 240
may comprise N number of nodes and priorty relationships,
wherein N represents a positive iteger, and accordingly the
number of scenarios implemented 1n a given embodiment of
the present imvention. In the depicted embodiment, the
connected paths 1n heterogenous network 240 represent
received business requirements that fit within a priority
relationship. In the depicted embodiment, node 1 and node
4 are mmdependent meaning neither 1s dependent on another
node (e.g., solution item).

In the depicted embodiment, component 122 generates
solution packages based on the relationships/connections
between solution contents and priority relationships, as
depicted 1n solution package 1 and solution package 2. In
various embodiments, there can be N number of solution
packages, wherein N represents a positive integer, and
accordingly the number of scenarios implemented 1n a given
embodiment of the present invention. In the depicted
embodiment, solution package 1 comprises a solution com-
prising nodes 1-3 and 3, nodes 4, 6, and 7, and nodes 4 and
8, wherein the solution contents fulfill the business require-
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ments 1in priority relationship network 218 represented by
business requirements a, b, and d, business requirements ¢
and 1, and business requirements ¢, respectively. Similarly,

solution package 2 comprises a solution comprising nodes 1
and 2, nodes 4 and 35, nodes 4, 6, and 7, and nodes 4 and 8,

wherein the solution contents fulfill the business require-
ments 1n priority relationship network 218 represented by
business requirements a and b, business requirements d,
business requirements e and 1, and business requirements c,
respectively.

In the depicted embodiment, component 122 calculates
the cost of one or more generated solution packages, via cost
242, and outputs the one or more calculated costs for one or
more generated solution packages to one or more users. In
various embodiments, component 122 outputs a sorted list
ol generated solution packages, wherein the sorted list ranks
the solution packages by cost and delivery time. In the
depicted embodiment, the cost 1s calculated using the equa-
tion 1in cost 242, wherein the equation comprises adding the
predetermined or preassigned cost of each node 1n a solution
package. For example, i solution package 1 one of the
solutions comprised nodes 1-3 and 5, wherein nodes 1-3
each have an assigned cost of $2,000 and node 5 has an
assigned cost of $5,000. Here, based on the equation under
cost 242 the total cost for this particular package would be
$11,000 (e.g., $2,000+$2,0004+$2,000+$5,000). In various
embodiments, cost 242 can contain N number of cost
clements, wherein N represents a positive integer, and
accordingly the number of scenarios implemented 1n a given
embodiment of the present imnvention. Similarly, component
122 calculates delivery time of solution packages, via deliv-
cery time 244, wherein the equation comprises adding the
predetermined or preassigned delivery time for each node in
a solution package.

FIG. 3 illustrates operational steps of component 122,
generally designated 300, 1n communication with server
computer 120 and/or computing device 110, within distrib-
uted data processing environment 100 of FIG. 1, for iden-
tifying client-satisfied solutions packages based on deter-
mined potential relationships, i accordance with an
embodiment of the present invention. FIG. 3 provides an
illustration of one 1mplementation and does not imply any
limitations with regard to the environments 1n which difler-
ent embodiments may be implemented. Many modifications
to the depicted environment may be made by those skilled
in the art without departing from the scope of the mnvention
as recited by the claims.

In step 302, component 122 1dentifies one or more rec-
ommendations. In various embodiments of the present
invention, component 122 identifies, via a comparison of
software product solutions and priorities relationships using
Natural Language Processing/Natural Language Under-
standing techniques, text embedding algorithms and graph
theory, business priorities and a new software product solu-
tion to recommend. In various embodiments of the present
invention, both business priorities and solution package/
product have text information.

In step 304, component 122 receives one or more elec-
tronic representations. In various embodiments of the pres-
ent mvention, component 122 receives one or more elec-
tronic representations of one or more soltware product
solutions utilized by an organization, which 1s described 1n
the text information.

In step 306, component 122 generates a relationship map.
In various embodiments of the present invention, component
122 generates one or more soltware product solution rela-
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tionship maps based on the one or more received electronic
representations of one or more software product solutions
utilized by an organization.

In step 308, component 122 maps business priorities. In
various embodiments of the present invention, component
122 maps retrieved and/or received business priorities to the
one or more generated soltware product solution relation-
ship maps based on keyword and/or key phrase search or full
text similarity using statistical methods and ML and/or DL
models.

In step 310, component 122 1dentifies solutions. In vari-
ous embodiments of the present invention, component 122
identifies one or more new soltware product solutions (e.g.,
solution packages) to recommend based upon the one or
more mapped business priorities 1 step 308. In various
embodiments of the present invention, component 122 rec-
ommends the i1dentified solutions to one or more users, via
interface 106.

In step 312, component 122 outputs i1dentified solutions.
In various embodiments of the present invention, component
122 outputs one or more 1dentified new software product
solutions (e.g., solution packages) to one or more users (€.g.,
clients) via interface 106. In various embodiments of the
present invention, component 122 outputs a list of 1dentified
solutions, wherein the list of identified solutions 1s ranked
based on metrics such as cost 242, delivery time 244, and/or
other metrics known 1n the art. In some embodiments,
component 122 may 1ssue alerts to users to notily users of
the generated and output solution packages. In various
embodiments of the present invention, component 122 may
display, via interface 106, a ranked list of 1dentified solutions
in a solution package that details the cost and delivery time
of each identified solution (e.g., solution package). A user

may customize a solution package, via interface 106, by
selecting 1dentified solutions 1n the displayed ranked list,
wherein component 122 1s responsive to the user’s selection
and formulates cost and delivery time for the customized
solution package.

FIG. 4 depicts a block diagram of components of server
computer 120 within distributed data processing environ-
ment 100 of FIG. 1, in accordance with an embodiment of
the present invention. It should be appreciated that FIG. 4
provides only an 1llustration of one implementation and does
not imply any limitations with regard to the environments in
which different embodiments may be implemented. Many
modifications to the depicted environment may be made.

FIG. 4 depicts computer system 400, where server com-
puting 120 represents an example of computer system 400
that includes component 122. The computer system includes
processors 401, cache 403, memory 402, persistent storage
405, communications unit 407, input/output (I/O) interface
(s) 406, display 409, external device(s) 408 and communi-
cations fabric 404. Communications fabric 404 provides
communications between cache 403, memory 402, persis-
tent storage 405, communications unit 407, and input/output
(I/O) mterface(s) 406. Communications fabric 404 may be
implemented with any architecture designed for passing data
and/or control information between processors (such as
microprocessors, communications, and network processors,
etc.), system memory, peripheral devices, and any other
hardware components within a system. For example, com-
munications fabric 404 may be implemented with one or
more buses or a crossbar switch.

Memory 402 and persistent storage 405 are computer
readable storage media. In this embodiment, memory 402
includes random access memory (RAM). In general,
memory 402 may include any suitable volatile or non-
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volatile computer readable storage media. Cache 403 1s a
fast memory that enhances the performance of processors
401 by holding recently accessed data, and data near
recently accessed data, from memory 402.

Program instructions and data used to practice embodi-
ments of the present mnvention may be stored 1n persistent
storage 405 and 1n memory 402 for execution by one or
more of the respective processors 401 via cache 403. In an
embodiment, persistent storage 405 includes a magnetic
hard disk drive. Alternatively, or in addition to a magnetic
hard disk drive, persistent storage 405 may 1nclude a solid-
state hard drive, a semiconductor storage device, read-only
memory (ROM), erasable programmable read-only memory
(EPROM), flash memory, or any other computer readable
storage media that 1s capable of storing program instructions
or digital information.

The media used by persistent storage 405 may also be
removable. For example, a removable hard drive may be
used for persistent storage 405. Other examples include
optical and magnetic disks, thumb drives, and smart cards
that are iserted mto a drive for transfer onto another
computer readable storage medium that 1s also part of
persistent storage 405.

Communications unit 407, 1n these examples, provides
for communications with other data processing systems or
devices. In these examples, communications unit 407
includes one or more network interface cards. Communica-
tions unit 407 may provide communications through the use
of etther or both physical and wireless communications
links. Program instructions and data used to practice
embodiments of the present invention may be downloaded
to persistent storage 405 through communications unit 407,

I/0O 1nterface(s) 406 enables for mput and output of data
with other devices that may be connected to each computer
system. For example, /O interface 406 may provide a
connection to external devices 408 such as a keyboard,
keypad, a touch screen, and/or some other suitable input
device. External devices 408 may also include portable
computer readable storage media such as, for example,
thumb drives, portable optical or magnetic disks, and
memory cards. Software and data used to practice embodi-
ments of the present invention may be stored on such
portable computer readable storage media and may be
loaded onto persistent storage 4035 via I/O interface(s) 406.
I/O 1nterface(s) 406 also connect to display 409.

Display 409 provides a mechanism to display data to a
user and may be, for example, a computer monaitor.

The programs described herein are i1dentified based upon
the application for which they are implemented 1n a specific
embodiment of the invention. However, 1t should be appre-
ciated that any particular program nomenclature herein 1s
used merely for convenience, and thus the imnvention should
not be limited to use solely 1 any specific application
identified and/or implied by such nomenclature.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present 1nvention.

The computer readable storage medium may be any
tangible device that may retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but 1s not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
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of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
may be downloaded to respective computing/processing,
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1n each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
ol one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
istructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program 1instructions by utilizing state information
of the computer readable program 1nstructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present mvention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
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flowchart illustrations and/or block diagrams, may be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general-purpose computer, a
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that may direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
mstructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures (i.e.,
FIG.) 1llustrate the architecture, functionality, and operation
of possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present mvention. In this regard, each block 1n the
flowchart or block diagrams may represent a module, a
segment, or a portion of mstructions, which comprises one
or more executable istructions for implementing the speci-
fied logical function(s). In some alternative implementa-
tions, the functions noted 1n the blocks may occur out of the
order noted 1n the Figures. For example, two blocks shown
In succession may, 1n fact, be executed substantially con-
currently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks 1n
the block diagrams and/or flowchart illustration, may be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
invention. The terminology used herein was chosen to best
explain the principles of the embodiment, the practical
application or technical improvement over technologies
found in the marketplace, or to enable others of ordinary
skill 1n the art to understand the embodiments disclosed
herein.

What 1s claimed 1s:

1. A computer-implemented method for identitying client-
satisfied solutions packages based on determined relation-
ships, the computer-implemented method comprising:

identifying one or more business priorities and software

product solutions to recommend to a user, wherein
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identifying the business priorities and the software
product solutions to recommend comprises:
comparing, by a natural language processor and one or
more natural language understanding techniques, a
plurality of the software product solutions and busi-
ness priorities relationships;
receiving one or more electronic representations of the
soltware product solutions utilized by an organization,
wherein the electronic representation describes the
soltware product solution 1n text information;
generating one or more software product solution rela-
tionship maps based on the one or more received
clectronic representations of one or more soltware
product solutions utilized by the organization;
mapping retrieved and recerved business priorities to the
one or more generated software product solution rela-
tionship maps based on keyword and key phrase
searches or full text similarity using statistical methods
and machine learning models;
creating a heterogenecous network by combining a solu-
tion 1tems network and a priority solution 1tem bipartite
network, wherein an 1dentified relationship and a pri-
ority mapping in a content relationship mining engine
and a priority to content mapping component are coms-
bined into a network and used by the heterogeneous
network to identify the one or more solution packages,
and wherein the creating of the heterogenous network
COMprises:
analyzing a priority solution item bipartite network and
a solution items network based upon an analysis of
the heterogeneous network; and
executing a solution package discovery and comparison
by discovering one or more solution packages through
Breadth First Search (BFS) or Depth First Search
(DFS) to find graph paths that contains solution items
covering a plurality of business priorities.
2. The computer-implemented method of claim 1, further
comprising;
receiving business priority input, wherein the received
business priority input comprises:
presenting to the user, by the user interface, an option
to select, via a response pop-up window, between
predetermined business priority mputs or the option
to enter custom priority inputs.
3. The computer-implemented method of claim 2, further
comprising;
responsive to receiving a selection by the user, executing
the predetermined priority inputs or enabling the user to
enter custom priority mputs through the user interface.
4. The computer-implemented method of claim 1, further
comprising;
generating a solution items network, wherein generating,
the solution i1tems network comprises:
identifying, by content relationship mining engine, one
or more content relationships from usage-data driven
relationship mining, one or more Subject-Matter
Expert (SME) predefined relationships, and machine
learning of the one or more received electronic
representations of the one or more software product
solutions.
5. The computer-implemented method of claim 1, further
comprising;
1ssuing an alert to the user to notily the user of the output
one or more solution packages.
6. The computer-implemented method of claim 5, further
comprising;
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displaying, by the user interface, a ranked list of 1dentified
solutions 1n a solution package, wherein a cost and a
delivery time are detailed in the solution package of
cach identified solution 1n the solution package, and
wherein responsive to a selection by the user to cus-
tomize a solution package through the interface by
selecting the identified solutions from the displayed
ranked list, formulating the cost and the delivery time
for the customized solution package based on the
received selection by the user.

7. A computer system for identifying client-satisfied solu-
tions packages based on determined relationships, the com-
puter system comprising:

one or more computer processors;

one or more computer readable storage devices;

program 1instructions stored on the one or more computer

readable storage devices for execution by at least one of
the one or more computer processors, the stored pro-

gram 1nstructions comprising;:
program 1instructions to 1dentily one or more business
priorities and soitware product solutions to recom-
mend to a user, wherein i1dentifying the business
priorities and the software product solutions to rec-
ommend comprises:
program 1nstructions to compare, by a natural lan-
guage processor and one or more natural language
understanding techniques, a plurality of the soft-
ware product solutions and business priorities
relationships;
program instructions to receive one or more electronic
representations of the software product solutions
utilized by an organization, wherein the electronic
representation describes the software product solu-
tion 1n text information;
program instructions to generate one or more software
product solution relationship maps based on the one
or more received electronic representations of one or
more software product solutions utilized by the orga-
nization;
program 1nstructions to map retrieved and received
business priorities to the one or more generated
soltware product solution relationship maps based
on keyword and key phrase searches or full text
similarity using statistical methods and machine
learning models;
program instructions to create a heterogeneous network
by combining a solution 1tems network and a priority
solution 1tem bipartite network, wherein an 1dentified
relationship and a priority mapping in a content
relationship mining engine and a priority to content
mapping component are combined nto a network
and used by the heterogeneous network to i1dentily
the one or more solution packages, and wherein the
creating of the heterogenous network comprises:
program 1nstructions to analyze a priority solution item
bipartite network and a solution 1tems network based
upon an analysis of the heterogeneous network; and
program 1nstructions to execute a solution package dis-
covery and comparison by discovering one or more
solution packages through Breadth First Search (BFS)
or Depth First Search (DFS) to find graph paths that
contains solution items covering a plurality of business
priorities.
8. The computer system of claim 7, further comprising;
program 1instructions to receive business priority nput,
wherein the recerved business priority input comprises:
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program 1instructions to present to the user, by the user
interface, an option to select, via a response pop-up
window, between predetermined business priority
inputs or the option to enter custom priority inputs.
9. The computer system of claim 8, further comprising:
responsive to recerving a selection by the user, program
instructions to execute the predetermined priority
inputs or enabling the user to enter custom priority
inputs through the user interface.
10. The computer system of claim 7, further comprising:
program instructions to generate a solution 1tems network,
wherein generating the solution items network com-
Prises:
program instructions to identify, by content relationship
mining engine, one or more content relationships
from usage-data driven relationship mining, one or
more Subject-Matter Expert (SME) predefined rela-
tionships, and machine learning of the one or more
recetved electronic representations of the one or
more software product solutions.
11. The computer system of claim 7, further comprising:
program 1nstructions to 1ssue an alert to the user to notily
the user of the output solution packages.
12. The computer system of claim 11, further comprising:
program 1nstructions to displaying, by the user interface,
a ranked list of 1dentified solutions in a solution pack-
age, wherein a cost and a delivery time are detailed 1n
the solution package of each identified solution 1n the
solution package, and wherein responsive to a selection
by the user to customize a solution package through the
interface by selecting the 1dentified solutions from the
displayed ranked list, program 1nstructions to formulate
the cost and a delivery time for the customized solution
package based on the received selection by the user.
13. A computer program product for identitying client-
satisfied solutions packages based on determined relation-
ships, the computer program product comprising:
one or more computer readable storage devices and
program 1instructions stored on the one or more com-
puter readable storage devices, the stored program
instructions comprising:
program 1nstructions to identily one or more business
priorities and software product solutions to recoms-
mend to a user, wherein 1dentifying the business
priorities and the soitware product solutions to rec-
ommend comprises:
program instructions to compare, by a natural lan-
guage processor and one or more natural language
understanding techniques, a plurality of the soft-
ware product solutions and business priorities
relationships;
program instructions to receive one or more electronic
representations of the soltware product solutions
utilized by an organization, wherein the electronic
representation describes the software product solu-
tion 1n text information;
program instructions to generate one or more software
product solution relationship maps based on the one
or more received electronic representations of one or
more software product solutions utilized by the orga-
nization;
program 1nstructions to map retrieved and received
business priorities to the one or more generated
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soltware product solution relationship maps based
on keyword and key phrase searches or full text
similarity using statistical methods and machine
learning models;
program instructions to create a heterogeneous network
by combining a solution 1items network and a priority
solution 1tem bipartite network, wherein an identified
relationship and a priority mapping in a content
relationship mining engine and a priority to content
mapping component are combined into a network
and used by the heterogenecous network to i1dentily
the one or more solution packages, and wherein the
creating of the heterogenous network comprises:
program 1nstructions to analyze a priority solution
item bipartite network and a solution items net-
work based upon an analysis of the heterogeneous
network; and
program 1instructions to execute a solution package
discovery and comparison by discovering one or
more solution packages through Breadth First Search
(BEFS) or Depth First Search (DFS) to find graph
paths that contains solution items covering a plural-
ity of business priorities.
14. The computer program product of claim 13, further
comprising;
program 1instructions to receive business priority nput,
wherein the recerved business priority input comprises:

program 1nstructions to present to the user, by the user
interface, an option to select, via a response pop-up
window, between predetermined business priority
inputs or the option to enter custom priority inputs; and

responsive to recerving a selection by the user, program
mstructions to execute the predetermined priority
inputs or enabling the user to enter custom priority
inputs through the user interface.
15. The computer program product of claim 13, further
comprising:
program 1nstructions to generate a solution 1tems network,
wherein generating the solution items network com-
Prises:

program 1nstructions to identily, by content relationship
mining engine, one or more content relationships from
usage-data driven relationship mining, one or more
Subject-Matter Expert (SME) predefined relationships,
and machine learning of the one or more received
clectronic representations of the one or more software
product solutions.

16. The computer program product of claim 13, further
comprising:

program instructions to 1ssue an alert to the user to notity

the user of the output solution packages.

17. The computer program product of claim 16, further
comprising: program instructions to displaying, by the user
interface, a ranked list of i1dentified solutions i1n a solution
package, wherein a cost and a delivery time are detailed in
a solution package of each identified solution 1n the solution
package, and wherein responsive to a selection by the user
to customize a solution package through the interface by
selecting the 1dentified solutions from the displayed ranked
list, program 1nstructions to formulate the cost and a delivery
time for the customized solution package based on the
received user selection.
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